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Current frontiers
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Weinberg, van Kolck, Machleidt, Entem, Meissner, 
Epelbaum, Krebs, Bernard,... 


Chiral 
Interactions


No-core Shell Model

(NCSM) 



KD	Launey	
Louisiana	State	University	

Nuclear	ab	ini4o	Theories	and	Neutrino	Physics	
INT,	March,	2018	

22Mg

0

1

2

3

4

5

6

7

8

9

10

En
er

gy
 (M

eV
)

Exp Th

0+

0+

0+

2+

2+

2+

Symmetry-adapted 
No-core Shell Model


(SA-NCSM) 

0 

1 

2 

3 

4 

5 

6 

7 

En
er

gy
 (M

eV
) 

Expt. Th. 
0+ 

2+ 

2+ 

2+ 

Th. 
0+ 

2+ 

2+ 

2+ 

Expt. 

24Ne 24Si VNN: SRG-N3LO  
(λC=2 fm–1, hω =15 MeV) 
Nmax=�2�6 

0+ 

2+ 

0+ 

2+ 

2+ 

2+ 

N/A 

5.2-8.4 W.u. 4 W.u. 

01+ 0 0.000
21+ 0 1.634

41+ 0 4.248

61+ 0 8.778

0.000

1.582

4.175

8.621

Exp X2\10

20Ne

0

2

4

6

8

10

E x
@Me

V
D

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

E
ne

rg
y 

(M
eV

) 

32Ne#

Expt. Th, 4<2> 

0+ 

0+ 

2+ 

2+ 

Th, 2 

0+ 
(2+) 

0 

1 

2 

3 

4 

5 

6 

7 

En
er

gy
 (M

eV
) 

Expt. Th. 
0+ 

2+ 

2+ 

2+ 

Th. 
0+ 

2+ 

2+ 

2+ 

Expt. 

24Ne 24Si VNN: SRG-N3LO  
(λC=2 fm–1, hω =15 MeV) 
Nmax=�2�6 

0+ 

2+ 

0+ 

2+ 

2+ 

2+ 

N/A 

5.2-8.4 W.u. 4 W.u. 

Ab Initio Nuclear Modeling in New Domains 
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Number of excitations 24Mg � p � 25Al* � 25Al�

SA-NCSM


NCSM


Total HO quanta 
Nmax


Total HO quanta 
Nmax
+


Distribution: 

z, x, y


Launey et al., Prog. Part. Nucl. Phys. 89 (2016) 101

Dytrych et al., Phys. Rev. Lett. 111 (2013) 252501


LSU code (LSU3shell): sourceforge.net/projects/lsu3shell 
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Number of excitations 24Mg � p � 25Al* � 25Al�

SA-NCSM


NCSM


Total HO quanta 
Nmax


Total HO quanta 
Nmax
+


Distribution: 

z, x, y


Launey et al., Prog. Part. Nucl. Phys. 89 (2016) 101

Dytrych et al., Phys. Rev. Lett. 111 (2013) 252501


LSU code (LSU3shell): sourceforge.net/projects/lsu3shell 


Unitary transformation to collective basis (Sp)
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What physics can we learn from Sp basis?


rotations


space orientation


z

x
y

one equilibrium 
deformation 
(``shape”)


Sp (collective) basis configuration:


Vibrations

(of the giant resonance 

monopole (r2)/ 
quadrupole (Q) type)


All states preserve the 
equilibrium shape…



Symmetry?
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Symplectic Sp(3,R) Symmetry!

Formal definition


xiα → aαβxiβ
β=x,y,z
∑ + bαβ piβ

piα → cαβxiβ
β=x,y,z
∑ + dαβ piβ

All linear canonical transformations of the single-particle phase-
space observables


that preserve the canonical commutation relation 


xiα, pjβ!" #$= iδijδαβ xi

pi

Nucleus with A nucleons

Generators:


SU(3)

in a HO shell

(Elliott, 1958)


Rowe, Rosensteel, Draayer, Hecht, Suzuki, Escher, Bahri, ….
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Novel Approximate Symmetry
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Collectivity features
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Collectivity features
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Carbon isotopes
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Structure of Ca-48 and Ti-48
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0+


SA-NCSM (selected): ……………..966,152 

Complete model space: ……3,162,511,819 



2+


SA-NCSM (selected): ……………3,055,554  

Complete model space: …14,522,234,982  


8 shells, N2LOopt 

0+


SA-NCSM (selected): ………………..602,493 

Complete model space: …..24,694,678,414 




2+


SA-NCSM (selected): ……………..1,178,834 

Complete model space: …113,920,316,658 


48Ti, Q(2+) [e fm2]

------------------------

Experiment……… -17.7
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Grigor Sargsyan, PhD student, LSU
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HH and SA-NCSM benchmark: 4He
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HH and SA-NCSM benchmark: 4He
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Response function
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Sum rules for 4He: HH and SA-NCSM benchmark
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Sum rules for 4He: HH and SA-NCSM benchmark
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Burrows, Elster, Popa, Launey, Nogga, Maris,

Phys. Rev. C 97 (2018) 024325


Non-local densities
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SA-NCSM, SU(3)
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from Sonia Bacca
Bacca, Miorelli, Hagen, J. Phys.: Conf. Series 966 (2018) 012019


CCSD CCSD 
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Outlook


Hayes et al., PRL 91, 012502(2003)


•  Improve earlier NCSM studies, use 
bare chiral potentials


•  40Ar SA-NCSM calculations


•  Calculate response functions from 
SA-NCSM with LIT 
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Conclusions


Simple physics: “shape” + vibrations + rotations


Collective and alpha 
clustering features in nuclei
 SA-NCSM+LIT (with S. Bacca):


 sum rules and responses 



